Indeterminate cytology results increase the number of repetitive procedure and unnecessary surgery. This study was designed to find useful and simple predictive tools to differentiate malignant thyroid nodules from indeterminate nodules. We retrospectively enrolled 164 patients who had undergone thyroid surgery as a result of indeterminate cytology in the National Cancer Center. We reviewed patients' age at diagnosis, sex, preoperative biochemical markers such as thyroglobulin (Tg), anti-Tg antibody, free T4 and TSH level, and sonographical and pathological findings, which were subjected to statistical analysis. We found several clinical and sonographical predictive factors that showed significant differences. Young age, male, preoperative high Tg level, and hypoechoic nodule on sonography all increased cancer probability significantly in multivariate analysis. With a cut-off value of 187.5 ng/mL Tg, sensitivity and specificity were 54.8% and 90.1%, respectively (AUC 0.748, P < 0.001). In the case of nodule size > 1.7 cm, elevated serum Tg predicts the risk of malignancy; especially Tg > 70 ng/mL (odds ratio 3.245, 95% confidence interval 1.115-9.450, P = 0.038). Preoperative Tg levels had very high specificity in predicting thyroid cancer in case of suspicious follicular neoplasm. Therefore, Tg levels may be a useful marker for differentiating thyroid cancer from benign thyroid nodules in the cytological diagnosis of indeterminate nodules.
INTRODUCTION
Thyroid nodules are very common (1) , and most do not impact life expectancy of the affected person (2) . However, along with increased detection rates of non-palpable thyroid nodules, the incidence rate of thyroid cancer has been raised (3, 4) and the absolute number of indeterminate thyroid nodule cytology results has also markedly increased. Although fine-needle aspiration cytology (FNAC) is a primary method for detecting malignant nodules, 10%-25% of thyroid nodules are categorized as indeterminate nodules (5) . Classifications for indeterminate nodules are defined as "atypia of undetermined significance (AUS) or follicular lesion of undetermined significance (FLUS)" and "follicular neoplasm (FN) or suspicious for a follicular neoplasm (SFN)" under the Bethesda classification systems (6) , and the risk of malignancy of the FN/SFN category nodules is approximately 15%-30%. These renewed classifications also cannot resolve the difficulties clinicians face in differentiating malignant from benign nodules.
Numerous studies were performed in order to differentiate benign and malignant thyroid nodules using clinical factors other than cytology. Unfortunately, there are currently no useful differentiating markers except for some well-known risk factors such as positive family history, tumor size, and age (7) (8) (9) (10) .
Therefore, we tried to elucidate the role of preoperative serum thyroglobulin (Tg) as a novel marker that could distinguish between benign and malignant thyroid nodules, especially in the rigorously selected FN/SFN category.
MATERIALS AND METHODS

Materials
We reviewed FNAC results from 789 patients who underwent thyroid surgery at the National Cancer Center from May 2002 to July 2009 and selected 164 cases compatible with indeterminate cytology results according to the new Bethesda system category ( Fig. 1) (6) . One pathologist re-examined the patient cytology and pathology slides under the criteria as followed; 1) http://dx.doi.org/10.3346/jkms.2012.27.9.1014 FN/SFN: follicular cells are arranged predominantly in microfollicular or trabecular arrangements whether nuclear atypia may or may not be present, 2) AUS/FLUS : neither convincingly benign nor sufficiently atypical to place into a different category (11) . In our analysis we selected 164 cases showing cytology results of FN/SFN category and also reviewed patients' clinical, biochemical, sonographical and pathological findings. We excluded the cases whose cytological results have been reported as another category (benign or malignancy) after repeated aspirations.
Measurement of biochemical and ultrasonographical parameters
The serum TSH levels were measured by an immunoradiometric assay (IRMA) using a commercial kit (Immunotech, Marseille, France). Tg and anti-Tg antibody (TgAb) levels were measured using IRMA and a commercial radioimmunoassay kit, respectively (Brahms Aktiengesellschaft, Hennigsdorf, Germany). The reference ranges for TSH, Tg and TgAb were 0.17-4.05 mU/L, 0-40 ng/mL and 0-100 U/mL, respectively.
We obtained patients' sex, age at diagnosis and TSH, Tg, and TgAb levels from medical records. Reviewing ultrasonography, cytology slide, and pathology specimens, we also obtained tumor size, characteristics of tumor such as margin, component, echogenicity, hypoechoic rim, vascularity, calcification and presence of Hashimoto's thyroiditis and final pathological diagnosis. Hashimoto's thyroiditis was defined as diffuse thyroid disease measured by ultrasonography and/or positive TgAb or microsomal antibody (12, 13) .
Statistical analysis
We grouped patients into the benign or cancer groups (papillary thyroid carcinoma [PTC] or follicular thyroid carcinoma [FTC] ) according to the final diagnosis. Continuous variables are expressed as means ± standard deviation (SD), whereas categorical variables are presented as absolute values and percentages. Differences between continuous variables were analyzed by unpaired Student's t-test or ANOVA, and differences between categorical variables were analyzed using the chisquare test. Multivariate and logistic regression analysis was employed to identify independent predictors of malignancy. An ROC curve was plotted to determine the Tg cut-off levels for differentiating cancerous from benign nodules. A P value of < 0.05 was considered statistically significant, and all analyses were performed using Stata statistical software, version 9 (Stata Corporation, College Station, TX, USA).
Ethics statement
This study was approved by the institutional review board of National Cancer Center (IRB No. NCCNCS-09-225) and informed consent was waived.
RESULTS
Comparison of biochemical and sonographical findings between benign and malignant groups
First, we compared basal clinical findings between benign and malignant groups that had shown indeterminate nodule cytology results. The benign group and malignant group comprised Indeterminate cytology (n = 164) Table 1 shows the results of comparison between groups. Patients' sex, age at diagnosis and TSH levels did not differ between groups. The size of tumors was larger in FTCs and smaller in PTCs than in benign nodules (benign vs MIFTC vs WIFTC, 2.4 ± 1.2 vs 2.9 ± 1.1 vs 4.3 ± 1.3 cm, P = 0.001; benign vs PTC, 2.4 ± 1.2 vs 0.8 ± 0.1 cm, P < 0.001, benign vs FVPTC, 2.4 ± 1.2 vs 1.2 ± 0.7 cm, P = 0.025). Besides tumor size, preoperative Tg levels were higher in the FTC group than in the benign group: benign vs MIFTC vs WIFTC, median (range), 15.4 (1-1,499) vs 188.0 (2.3-7,940) vs 2,078.5 ng/mL (31.7-6,860), P < 0.001.
When we compared sonographical findings between groups, we found that irregular margin, low echogenicity, absence of hypoechoic rim and presence of calcification were detected more commonly in malignant thyroid nodules (Table 2) .
Multivariate analysis to find predictive factors of malignancy
We also performed multivariate analysis to find predictive factors of thyroid malignancy. As shown in Table 3 , younger age, being male, higher Tg levels, hypoechoic nodules and the presence of calcification were independent and significant risk factors for FTC.
We performed ROC curve analyses to find cut-off levels of age at diagnosis, tumor size, and Tg to differentiate the benign and malignant groups. Age at diagnosis, using a cut-off value of 52.5 yr, had a sensitivity of 48.5% and a specificity of 68.2% for detecting the malignant group with an area under the curve (AUC) of 0.524 (95% confidence interval [CI] 0.404-0.645, P = 0.674), which failed to show significant differences between groups (data not shown). Mean tumor size, using a cut-off of 1.7 cm, had a sensitivity of 85.7% and a specificity of 32.3% with an AUC of 0.663 and P = 0.005 (95% CI 0.562-0.764) (data not shown). Preoperative Tg levels (AUC 0.748, 95% CI 0.634-0.861, P < 0.001) showed a sensitivity of 48.5% and a high specificity of 91.5% with cut-off value of 187.5 ng/mL (Fig. 2) .
The risk of malignancy was increased in nodules more than 1.7 cm in size; especially in the case of Tg > 70 ng/mL, the odds ratio [OR] was 3.245 (95% CI 1.115-9.450, P = 0.038), and the sensitivity and specificity was 67.7% and 60.7%, respectively. Without consideration of nodule size, the nodule with preoperative Tg > 100 ng/mL showed increased risk (OR 2.913, 95% CI 1.134-7.483, P = 0.029). 
DISCUSSION
We compared the clinical, biochemical, and ultrasonographical findings between benign follicular adenomas and carcinomas. We found that preoperative Tg cut-off levels of 187.5 ng/ mL might predict increased risk of malignancy and discriminate between benign and malignant nodules (AUC 0.748, 95% CI 0.634-0.861, P < 0.001). Thyroid nodules are very common and have recently begun to be detected more frequently (1, 14) . Ultrasonography-guided fine needle aspiration (FNA) is a widely used, cost effective, and accurate diagnostic tool for thyroid cancer. However, over 20% of patients undergoing FNA of a thyroid nodule have indeterminate cytology results and usually require thyroid operation for the purpose of definite diagnosis. Pathologic diagnosis results in benign nodules for most patients, and if the patients are diagnosed with thyroid cancer, they should undergo completion thyroidectomy (15) .
The malignancy rate of indeterminate cytology was assumed to be 20%-30% (6, 14, 16) , however, Granados-Garcia et al. (17) also reported high rate of malignancy (40%, 30/75). Recently, Rossi et al. (18) also reported 34.9% of malignancy risk in indeterminate cytology even though it had conducted as a prospective study. Similarly, percentage of malignancy was relatively high (46.3%, 46/164) in our study. Considering that we excluded patients who did not undergo surgery, high malignancy rate may be thought to lie in acceptable range.
Lots of studies were performed to classify indeterminate nodules into benign and malignant groups. Young or old age, male gender, nodule size, family history of thyroid cancer (19) , and history of benign nodule (20) are known to be associated with a high risk of malignant thyroid nodule. However, until now, there have been no studies showing any definite differentiating risk factor. In addition, risk factors of FTC are still not well understood except low iodine intake (21) . Only a few recent studies such as studies of Kim et al. (9) and Sippel et al. (8) suggested tumor size and age as risk factors of Hurthle cell thyroid carcinoma.
We explored rigorously several clinical, biochemical, and sonographical findings; young age and male gender were independent risk factors for predicting high risk of FTC similar to previous findings ( (15, 16) . Interestingly, preoperative Tg levels were independent risk factors of FTC (OR 1.987, 95% CI 1.248-3.165, P = 0.004, Table 3 ). Nodule size, however, was not different between the benign and cancer groups after multivariate analysis (OR 1.116, 95% CI 0.698-1.783, P = 0.683) in our study. These insignificant differences may come from characteristics of retrospective study itself; higher preference to surgery in patients with larger nodules, which was the limitation of our study.
Serum Tg levels can be elevated in most proliferative thyroid diseases and are known to be an insensitive and nonspecific test for thyroid cancer. Routine measurement of serum Tg levels for initial evaluation of thyroid nodules is not recommended (7). Our result was also compatible with previous reports in PTC or FVPTC groups; that is, for most prevalent thyroid cancer cases, preoperative Tg levels did not differ from those of benign nodules (Table 1, (22) reported that a combination of indeterminate cytology and preoperative Tg ≥ 75 ng/mL increased diagnostic efficacy compared to indeterminate cytology alone and suggested that elevated preoperative Tg levels may be predictive of well-differentiated thyroid cancer (benign vs cancer, Tg levels; 223 vs 53 ng/ mL, P = 0.007). However, Suh et al. (23) concluded that Tg has poor accuracy for predicting malignancy in follicular or Hurthle cell neoplasms. These studies were conducted in smaller population than that of our study, and the experimental approach was different from ours.
In our study, preoperative Tg levels were significantly higher in the FTC group, and according to the severity of follicular cancer, Tg levels increased steeply ( ,860], P < 0.001). ROC curves also showed good sensitivity and specificity for the cut-off value 187.5 ng/mL (AUC 0.748, 95% CI 0.634-0.861, P < 0.001, sensitivity of 48.5%, and specificity of 91.5%).
Taken together, the above results indicate that preoperative Tg levels may be one of the most useful single predictors for distinguishing benign nodules from FTCs.
In summary, preoperative Tg levels had very high specificity in predicting FTC in the case of indeterminate nodules. Therefore, in practice, preoperative Tg measurement may be a very useful single tool for differentiating FTCs from benign thyroid nodules in the case of indeterminate cytology results.
